In this paper we investigate the transport layer processing intended to improve the communication of multimedia data over wireless and wireline networks. Specifically we consider data striping and thinning techniques, which are applicable to the multipath I multiflow transmission of multimedia (e.g., MPEG4). We also introduce the shufling procedure, which reorders the data at the network edges. We show that all three techniques break up short-term correlations ind ata traffic thus improving its queueing performance. We demonstrate that while both Long Range Dependence (LRD) and Short Range Dependence (SRD) influence the queueing performance for some timescale of the queueing system, it is the short-range statistical properties of multimedia traffic within the Critical Time Scale that are dominant in determining the buffer efficiency of the queue. We also show that estimation of LRD for thinned and striped data may lead to a misleading notion of LRD reduction, when none is warranted. We further outline the ideas for a new transport layer protocol that explores the combination of thinning, striping and shufling approaches to multimedia data transmission.
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I. Introduction
Shortly a h the discovery of Long-Range Dependence (LRD) in Ethernet-based data and Web traffic [I] - [4] , there began an ongoing debate on the significance of LRD's presence in input traffic for queueing performance. Some of the first papers to argue the effects of the LRD in input data on queueing performance were [5] [6] . It has been shown since that LRD has negative effects on the performance of the telecommunication queues, causing excessive datal oss and buffer inefficiency [7] - [IO] . LRD sources have been shown, among other things, capable of inducing traffic starvation of the lower priority traffic. It has been also described that traffic aggregation generally doesn't reduce the degree of L m [I], [IS] .
Thus some have proposed several wayso f decreasing LRD by traffic shaping [13]-[15] . In [I31 the burst aggregation method is proposed at the edges of the network, and is shown to decrease the self-similarity in data while satisfying the delay guarantees in traffic delivery. In the present work we concentrate our attention on the most recent type of temporal traffic: MPEGCbased high quality video (-I Mbps). MPEG4's self-similarity was recently described in [24] . In our work we analyze the same family of diverse MPEG4 traces. We concentrate on a single MPEG4 traffic source without aggregation. We look at queueing 0-7803-7632-3/02/$17.00 02,2002 IEEE performance on the time scales characteristic of the multimedia client-server video streaming environment (-I 00-300 ms buffer sizes). As we evaluate the queueing performance, we consider the buffer overflow probability (BOP) (i.e., the probability of exceeding a certain threshold in an infinite buffer queue) versus the buffer size. We find that SRD properties of such traffic are still dominant .in influencing its queueing performance. We further suggest and evaluate several techniques that improve the characteristics of this traffic in short range region: (I) thinning, (2) striping and (3) shuffling.
The rest of this paper is organized as follows. In section 2 we introduce data thinning and show its effect on LRD and SRD properties of traffic and video traffic in particular. In section 3 we discuss the data striping technique, which can he viewed as a combination of thinning and interleaving. In section 4 we describe the shuming approach and its effects on LRD and SRD in multimedia traffic. In section 5 we propose the transport-layer protocol that would support and utilize all of the above traffic-handling techniques. We then conclude our paper with some mrections for future research. 
This can also be seen in Figure 1 as the curve p-k] vs. k has the same asymptotic rate of decay as p[k], indicating the invariability of the Hurst parameter upon thinning of a sequence.
We can expect that if the observed ACF reduction occurs within the range of queueing system's critical time scale
(CTS), one should observe an improvement in queueing performance. For an approximation of BOP, given the ACF model and system's scale, consult [20] , [21] .
Because LRD is an asymptotic notion, one has to be careful in not claiming the reduction in LRD, as the actual measurements of H for the thinned sequences are observed. We generated a very long (I million samples) synthetic Fractional Gaussian Noise (FGN) sequmce and thinned it with various skip values, while estimating Hurst parameter and its confidence intervals using Whittle's estimator (see [26] ). Figure 2 shows the decrease in Hurst of the thinned sequence as the value of skip S increases. We attribute such reductions to the decreasing sample count of the thinned sequences. We further studied aspects of thinning on queueing performance by thinning a "Silence of the Lambs" MPEG4 trace with different values of S as shown in Figure 3 . The substreams' performance should be compared in pairs, e.g.,
S=8
vs. S=32 and S=16 vs. S=64. This is because the periodic shucture of the Group of Pictures (GOP) in MPEG4
(GOP=12 in our case) caused thinning to "thin out" a disproportionate number of B or P frames vs. 1 frames. Thinning with S=16 and S=64 actually increased the average bitrates of those traces by equal amounts for the reason above, making the S=8 curve have a"b etter" performance than S=16. This would not be the case if S+I was chosen to be a number which is relatively prime to the GOP value (e.g., S+I = 7 , l l , etc.). Lesser improvements in queueing performance hold for a block-based thinning of the same h4PEG4 trace, as shown by Figure 4 . This is caused by the short-term correlations (up to lag B), which are mostly preserved by block-based thinning. We note that there is no disproportionate thinning in this case, as expected. We also take care of having left a suficient number of samples for simulation purposes after thinning takes place, by extending the length of the original bace to 1 million samples by means of looping. Because another streams' data has no correlation with a given stream's data, we expect the ACF to fall sharply after the initial set of lags [l,..,B] . Given that the original stream is LRD, ACF will "climb up" somewhat after B*N lags, and will do so to a lesser degree each subsequent B*N lags. If the CTS of the system exceeds B and is less than B*N, we expect a significant improvement to BOP as a result of striping stream X[n] over N substreamS. We show the ACF of the striped FGN data superimposed with equally parameterized ACF of the block-based thinned trace in Figure 5 . Smping should also result in better queueing performance than thinning, at the expense of reconstructing data from multiple striped substreams.
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Figure 5 ACF of Striped FGN data
To simulate the process of striping, we fix the number of substreams to N=4, which keeps constant the block skip distance S. We use 4 randomly shified (on a large scale) copies of the same trace to simulate 4 different streams Xi[n] of similar characteristics (i.e., L=N). We vary the block size B in this simulation, controlling in this way the number of short-term correlations of the original streams that affect queueing performance. Because in data striping B is usually measured in bytes, not in frames, we translate its size (Kbytes) into a frame count by using the average frame size. Simulated striping is thus performed on a sample (frame) level. The load is uniform, thus each stream is represented equally in a substream. The results of striping "Jurassic" at 50% server utilization are shown by Figure 6 . These results show a dramatic decrease in performance when size 16 and above (16=64Kbyte+3.8Kbyte/frame (i.e., average sample size)) correlations are preserved by a striping transformation due to larger block size selection. 
IV. Shuftling
The shuffled data stream X-[n] is constructed by means of a shuffling permutation rule, which is defined by two parameters S (skip) and R (restart) and proceeds as following Figure 11 for B=12. Notice that single frame shuffling (B=l) performs significantly better than the block-based shuffling for sufficiently large sbumes (e.g., S=64). Just like in the striping case, this is explained by the short-term correlations (up to a lag of B) preserved by the block-based shuffling. However,. this reduction is insignificant for small skip values, since they don't affect short-term antocorrelation structure much. The results for the other two MPEG4 traces are similar and were not shown here due to space limitations.
Because compressed video is not stationary (i.e., has a strong periodic component with the period of 1 GOP) and because shuming introduces cyclostationarity, one has to be careful about how shuffling is conducted and analyzed. If the CTS of the system is not much greater than the size (S+I)(R+I) of the permutation block, the cyclostationarity of thesh umed sequence cannot be neglected, and new analytical tools will need to be developed to treat it. Certain shuffling patterns may also, for example, cluster 1 frames together, introducing long periods of buffer overtlow in the queueing system. This makes the alignment of GOP and shnfling permutation block an important issue.
If the data transmitted via the network is shumed,two buffers are required at the sender and the receiver, as shown by Figure 12 . The sender's shuffling buffer (size M =(S+I)(R+l)B-ZB) serves as a temporary storage for the traffic till it is transmitted in a shuffled order, the receiver's re-shuffling buffer of the same size reconstructs the original order of traffic. These two buffers introduce additional transmission delays and memory expenditures.
However, when the number of intermediate queues (N) is sufficiently large, the overall saving in buffer space, bandwidth and the delay across all nodes combined would compensate for these expenditures. Thus the true benefits of shuming may not always he realized in single bop transmissions.
V. Protocol
We propose combining the described above data manipulation processes "under the umbrella'' of one new transport layer protocol. Data thinning, block-based thinning and striping can be utilized to create substreams, which could be used for multipath I mnlticonnection transport In this paper we presented three different traffic shaping techniques and considered their effects on handling MPEG4 data. Thinning, striping and shuffling all have been shown to improve the queueing characteristics of data, by decreasing short-term buntiness and diminishing short-term correlations.
We have also demonstrated that, for a single-source traffic with practical scale buffer provisioning, the short term statistics are the dominant factor in defining the queueing system's performance. None of these processes are shown to decrease the degree of LRD in data. We also show that LRD estimates can be misleading and no claims of LRD reduction by this kind of traffic shaping can be made.
Nevertheless, observed performance improvement makes these processes good candidates for a transport layer protocol engine. In the near future we are planning to undertake more sophisticated striping simulations. We expect that the increase in the number of suhstreams would improve queueing performance further. More shuffling experiments are also warranted. In particular, it is necessary to investigate the effects of skip and reslart values on queueing performance. More generally, we can study other shuffling permutations. We are also planning to prototype the proposed protocol engine and evaluate its performance in handling real time media streaming in diverse networking environments.
During this work, we have also created a graphical simulator (written in Java for multiple platforms), which combines all the simulations and statistical tools utilized in this research. We hope that some of these tools are general enough to be found useful by others. The package it available online to any interested reader [25] .
